In recent years, the design and development capabilities, which provided products with vitality and value, had become one of the key factors in transforming and upgrading enterprises. Also, the industrial design ability had become a powerful weapon in enhancing business competitiveness. This study aimed at developing a self-assessment scale to evaluate the pre-service capabilities of industrial design students and it was found to be useful also in analyzing the ability levels of professional designer after the self-assessment scale was established. According to the literature review and interviews with experts, this study summarized the categories and indicators of professional abilities of industrial designers. Next, grey relational analysis was applied for analyzing these categories and indicators, then the weight between these indicators were determined through the method of quality function deployment, and finally, these indicators were further transferred into questions to become a pre-service self-assessment scale with 70 items, named industrial design ability index questionnaire. The industrial design ability index assessment scale was validated using 211 college students ranging from freshman to senior year. The industrial design ability index score shows a direct relationship between designer skills and years in school from freshman to senior year and verified that the industrial design ability index is able to assess the level of experiences of an industrial designer.
Introduction
According to Global Views Monthly (2007), the number of students majoring in design disciplines in Taiwan increased by 50% in the past 5 years. Evidently, the growth in design students should meet the growth needs in the industrial design sector. However, the Council for Economic Planning and Development (CEPD) states that the manpower supply trends for the next 10 years indicate that a lack of industrial designers exists despite substantial growth in industrial design graduates. 1 The World Bank Group (WBG) also estimates that the design and entrepreneurial talent gap will be 25% lower than the global company demand. Another worrisome trend from the Higher Education Statistics Agency of the United Kingdom for graduate employment showed that approximately 9% of creative arts and design (2005) (2006) graduates were unemployed-the third highest among any subject. The consequence is that these newly graduated designers are required to work in an entirely different and less rewarding profession such as retail, catering, waiting, and bar staff. The data presented a serious warning to educators in design discipline.
Common consensus suggests that the industrial designer deficit is perhaps due to graduates who do not have the proper training and skills that prospective employers are looking for. Industrial design discipline covers a wide range of subjects, from car design to simple product design for the household. Each product is created with a unique design cue associated with the brand's image, and hence, the designer is required to be versatile in design knowledge and skills. This interdisciplinary field integrates aesthetics, materials, mechanical, physical, and trends. 2 Many experts and scholars have expressed that industrial design education must be strengthened in the field noted previously. [3] [4] [5] This research study focuses on developing an industrial designer attribute assessment scale for education institution to access the skill and progress of students major in industrial design. It seems that it is a common issue in East and West. [6] [7] [8] Methods Quality function deployment (QFD) technique and grey relational analysis (GRA) are utilized to develop the industrial design ability index (IDAI) assessment scale. QFD is a structured technique that enables the determination of the real needs of customers. 9 This technique uses binary matrix conversion technology to convert the voice of the customer (VOC) into appropriate engineering requirements (voice of engineering (VOE)) 10 and incorporates the customer's voice into all stages of product or service design to meet customer needs in the final product or service. In addition, QFD is a systematic and stepwise procedure for finding the correct order of priority and weight in a complex selection situation. To further enhance the accuracy of the QFD weight calculation, GRA was used to sort and define the weighting factor of each item. The complete research process is summarized and presented in Figure 1 .
The flowchart of Figure 1 shows relevant literature review through purpose and goal. Next, data arrangement and analysis are carried out with QFD technique, and design of the scale is completed. Thereafter, a questionnaire was distributed to verify the correctness of the scale. Finally, conclusion and recommendations for the study are achieved.
Results
Step 1: upper block The initial step is to conduct literature review and informational interview. The intention is to find out the common trait of a proficient and talented industrial designer. The informational interview was conducted with five individuals with working experience or scholastic background in industrial design (see Table 1 ). The knowledge and insight gained from literature review and informational interview are used to develop the 13 Step 2: left block-rank and weights of ability categories
This step is to sort and assign weight factor to the 13 items using GRA. GRA is a superior method for calculating object homogeneity in its relationship analysis. Its main function is to calculate the distance between discrete sequences to offer an effective method for handling uncertainty, multivariate input, and discrete data using the interaction between parameters to obtain information. Five selected experts were each given a table consisting of 13 3 13 matrix chart and asked to rate the strength of relative importance between the 13 items (see Table 1 ) using values from 0, 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, and 1. A sample of the 13 3 13 matrix chart is included for reference as shown in Table 2 .
The GRA is used as a weight ranking method, which is derived from the needs of industry and the results of related studies. After the assessment and discussion by experts, as the evaluation of the abilities.
The GRA is slightly different from the AHP method used in ISO-16355-1:2015, it's also numbers between 1-0. ISO-16355-1:2015 recommendations are commonly used values with 5 levels or 9 levels, and if there are better analytical methods, such as AHP will be able to get a better weight. Therefore, the GRA is more accurate than the AHP analysis method, and that is why there are different numbers from ISO-16355-1:2015.
The ratings from five experts were then analyzed together using Nagai et al. 11 GRA Module. The general equation of Nagai GRA Module is provided in the following
where
1 p\' when p = 1 (=the city-block distance) or p = 2 (=the Euclidian distance). The final ranking and gamma value for each item after GRA analysis are presented in Table 3 . The results show that the top three weights are personality traits (no. 5), modeling ability (no. 2), and innovative (no. 13). This is consistent with the current literature and human resource (HR) agency requirements.
Step 3: middle block-the relationship of left block and upper block
The middle block is a step to further refine the relative importance of the 13 items. This step is completed with five selected experts working jointly through a discussion method and arrived at a consensus for each response. There are three levels of responses: strongly related, related, and not related. Symbol denotes strongly related and is given nine points; symbol denotes related and is given three points; and ''Blank'' denotes weakly related and is given one point (see Figure 2) .
In this study, we chose the ''Classical QFD matrices'' as 1, 3, and 9, so that experts can quickly make a decision in a short time: the rule of 7+/2. Following ISO 16355-1:2015 would be better for the future researches.
Step 4: lower block-the weight and sort of each index
The lower block is the final step for completing the House of Quality (HOQ). This step completes the calculation of the overall weight, target value, and relative importance.
The general equation of calculating the overall weight is shown in the following. The overall weight for each index is computed by multiplying the gamma value from the left block with corresponding grid's response from middle block (see Figure 2) , and then all the values are summed together. A sample calculation for Index 1 is as follows
where X is the total, W i is the weights, and K i is the relationship strength.
Overall weight sample calculation
Overall weight for Index 1 (Graphic Design, see Next, the target value is just simply the ranking of the 43 indicators of the roof block per calculated overall weight value. Finally, the relative importance is the percent calculation of the summation of the overall weight value. A sample calculation for Index 1 (Graphic Design, see Figure 2 ) is provided in the following for reference. The completed IDAI HOQ is shown in Figure 2 .
Relative importance sample calculation Sum total weight = 387.864 Target value indicator 1 = 8.658
Relative importance = 8.658/387.864 3 100 =2.23%
Step 5: establishment of IDAI scale
The initial IDAI scale consists of 85 items, with each item based from the upper block of IDAI HOQ. The scale classified response from designer using a 5-point scale, from ''unable'' to ''professional.'' A controlled test was conducted to test the validity of the IDAI scale. The IDAI scale was given to two control groups: one with design experience and the other one have none. Table 1 shows the pretest result and indicates that the IDAI is able to differentiate whether the person has design experience or not (see Table 4 ). Based on the controlled test result, the IDAI scale was further Independent operational ability 5-5
Self-disciplined 5-6
Time management skills 5-7
Endurance and perseverance 5-8
Professional ethics and literacy 6.
Design trend 6-1 Keep current with design trend and technology innovation 6-2
Aware of fashion and design trend Able to gather useful design ideas 6-4
Keep current with international design trend 6-5
Able to read design-related articles written/printed in different languages 7.
Product planning 7-1 Able to perform marketing and planning tasks 7-2 Able to conduct systematic and logical thinking Able to draft proposal with graphic integration Able to perform marketing survey Able to perform marketing strategy Able to perform trend analysis 8.
Packaging 8-1 Able to perform product packaging design 8-2
Able to commercialize new product Able to perform exhibition design 9.
Eco-awareness 9- assessed and refined by five experts. This process reduced the 85 items to 70 final items (see Appendix 1).
The IDAI scale includes a red baseline curve to enable the examiner to have a quick glance and clear indication of the designer's level of expertise. The baseline curve is defined based on the response between levels 3 and 4, which is 3.5. The baseline curve overall weight of each ability index is multiplied with a value of 3.5. These points are used to form a red baseline curve (see Figure 3) . The IDAI assessment provides three sets of information: (1) a line graph provides a visual comparison between the subject assessment and baseline (see Figure 3) ; (2) a bar chart shows the strength and weakness of the designer (see Figure 4) ; and (3) a table provides a numerical comparison between the baseline score and designer's score (see Table 5 ). A sample assessment is provided in the following to demonstrate the noted three sets of information.
Analysis of no. 1 participant
The IDAI scale revealed that the participant has strong personality traits and is excellent in technology proficiency and graphical ability. However, he is falling short in eco-awareness, engineering and manufacturing, and packaging with respect to the standard values. The overall scores showed that this participant is qualified as an industrial designer.
Verification
The IDAI assessment scale was validated using 211 college students ranging from freshman to senior year. The IDAI score shows a direct relationship between designer skills and year in training from freshman to senior year ( Figure 5 ). The result indicated that more training in industrial design results in higher professional skill. The average IDAI score per college year is summarized and shown in Table 5 .
Discussion

Rachel Cooper and Press
12 indicate that industrial designer must have a certain extent of understanding of its working conditions in the design process to help to complete the task. He said that except a wealth of design knowledge and skills, industrial designer also need to have an insight of the product. Mutual cooperation between the three abilities helps to form a complete industrial design expertise.
In 1950s, Benjamin Bloom led a group of expert research on student learning behavior. According to Bloom's Taxonomy of Learning Domains, learning behavior can be grouped into three domains, which is cognitive (knowledge), affective (attitude), and psychomotor (skills). It has great relevance with the classification of ability.
Related study shows that the process of ability index construction is based on research review and expert interviews to obtain the key words of expertise. Next, after issued by questionnaire, statistical analysis is necessary for the index of ability.
Assessment scale can be classified into three types: elementary, intermediate, and advanced. The elementary scale is the basic form of an assessment scale to be completed by simply checking the box of a set of questionnaire and totaling the scores. For instance, the Taiwanese Depression Scale (with 18 items) 13 and the Barthel Index (with 30 items) 14 Health Survey (SF-36), 15 which has 100 items. The advanced-type assessment scale is the most sophisticated assessment scale, and it normally involved multiple aspects or facets in assessing an individual. The IDAI is designed to be an intermediate scale and used to assess the progress of the student's design ability from freshman through senior year.
During the literature review step, it was discovered that researches done in industrial design typically only focused on the main attributes of a good industrial designer. However, these attributes were rarely assessed. Therefore, this research is focused on developing a method to assess these attributes. The 13 items for the IDAI assessment scale were developed using information from previous researches such as the Four Basic Elements in Industrial Design; 16 Industrial Designer Skills, 17 and Open-Ended Questionnaire to Develop 370 Criteria of Professional Industrial Designer. 18 These items were expanded and refined using GRA and QFD techniques. The completed IDAI assessment scale was found to be reliable during the verification step. It is important to note that the IDAI assessment scale is a qualitative assessment.
Future development includes a simple and advanced version of the IDAI scale. The goal is to provide an industrial designer assessment scale that was tailored to different needs.
Conclusion
QFD technique in conjunction with GRA was utilized to develop an assessment scale to evaluate the strength and skills of an industrial designer. The primary purpose of this scale is to help the educators to track the learning progress and advancement of the students' design skill and determine the effectiveness of the course curriculum in nurturing future industrial designer. Another application of this scale is that it can be used by an employer to assess industrial designer job applicant. An application for an invention patent and for self-assessment Internet application has been submitted to Ministry of Economic Affairs-Intellectual Property Office, R.O.C, to protect the intellectual development of this assessment scale. The next step is to launch the application over the World Wide Web and make the scale available to the general public.
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